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Abstract
Background: Despite educational and public health campaigns to convey the risks of indoor tanning, many
individuals around the world continue to engage in this behavior. Few descriptive studies of indoor tanning have
collected information pertaining to the lifetime history of indoor tanning, thereby limiting our ability to understand
indoor tanning patterns and potentially target interventions for individuals who not only initiate, but continue to
persistently engage in indoor tanning.
Methods: In-person interviews elicited detailed retrospective information on lifetime history of indoor tanning
among white individuals (n = 401) under age 40 seen by a dermatologist for a minor benign skin condition. These
individuals were controls in a case-control study of early-onset basal cell carcinoma. Outcomes of interest included
ever indoor tanning in both males and females, as well as persistent indoor tanning in females - defined as
females over age 31 who tanned indoors at least once in the last three or all four of four specified age periods
(ages 11-15, 16-20, 21-30 and 31 or older). Multivariate logistic regression was used to identify sociodemographic
and lifestyle correlates of ever and persistent indoor tanning in females.
Results: Approximately three-quarters (73.3%) of females and 38.3% of males ever tanned indoors, with a median
age of initiation of 17.0 and 21.5, respectively. Among indoor tanners, 39.3% of females and 21.7% of males
reported being burned while indoor tanning. Female ever indoor tanners were younger, had darker color eyes, and
sunbathed more frequently than females who never tanned indoors. Using unique lifetime exposure data, 24.7% of
female indoor tanners 31 and older persistently tanned indoors starting as teenagers. Female persistent indoor
tanners drank significantly more alcohol, were less educated, had skin that tanned with prolonged sun exposure,
and sunbathed outdoors more frequently than non-persistent tanners.
Conclusions: Indoor tanning was strikingly common in this population, especially among females. Persistent
indoor tanners had other high-risk behaviors (alcohol, sunbathing), suggesting that multi-faceted behavioral
interventions aimed at health promotion/disease prevention may be needed in this population.
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Background
Ultraviolet (UV) radiation is recognized as the highest
risk category of carcinogen by the International Agency
for Research on Cancer, and UV-emitting tanning
d e v i c e sw e r ee l e v a t e dt ot h i sc a t e g o r yi n2 0 0 9[ 1 ] .U V
from sun exposure is the primary environmental etiologic
factor for both melanoma and non-melanoma skin can-
cers [2-5]. While campaigns have attempted to educate
people on the importance of using sunscreen, limiting
exposure to strong sunlight, and preventing sunburns,
indoor tanning has become an increasingly common
source of UV exposure in developed countries [6,7]. Par-
allel to this trend have been increases in the incidence
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[8-12], especially among young females [13-15].
Epidemiologic evidence has identified indoor tanning
as a risk factor for melanoma and squamous cell skin
cancer [6,7,16], and recent results, including from our
group, also identify indoor tanning as a risk factor for
basal cell carcinoma (BCC) in younger people [17,18].
Additionally, etiologic studies in younger populations
with a high prevalence of indoor tanning show evidence
of a dose-response relationship, with higher risk observed
for increasing frequency and duration of indoor tanning
for both melanoma [19,20] and BCC [18].
Prevalence estimates of indoor tanning in developed
countries vary widely, as anywhere from 2.8% to 47.0% of
individuals report having tanned indoors in the last year,
with considerable variation by age and gender [21].
Approximately 30 million people in the United States tan
indoors annually, of which 2.3 million are adolescents [6].
Part of the popularity of indoor tanning may be attributed
to the fact that tanned skin is portrayed as attractive and
desirable in popular culture. To further complicate mat-
ters, mixed messages about sun exposure and cancer have
recently emerged, with media attention focusing on the
potential cancer-preventive benefits of vitamin D, which is
produced when skin is exposed to UV light. Some scien-
tists have even stated that “tanning beds may also provide
some medical benefit,” due to higher vitamin D levels in
tanners [22]. Indoor tanning beds or booths have a wide-
spread presence beyond indoor tanning salons, with facil-
ities now located within gyms, beauty salons, and even
people’s homes. Across 116 cities in the United States, the
overall mean number of commercial tanning facilities per
city (mean = 41.8) was much higher than the overall mean
number of two particularly common institutions, Star-
bucks (mean = 19) and McDonald’s (mean = 29.6), in
these same locations [23].
A review of 16 studies that assessed correlates of
indoor tanning among various populations found that
the most likely indoor tanners were females between the
ages of 20 and 30 who had skin types that would
become slightly burned with a moderate tan or not
burned with a good tan one week after one hour expo-
sure to sunlight [24]. An extended review of the litera-
ture that included an additional 18 studies confirmed
these risk factors, but also highlighted evidence of
greater differences in correlates by age and gender [21].
Among females, those who have tanned indoors were
more likely to have unhealthier diets, smoke, drink alco-
hol, and lack correct information on the safety of indoor
tanning compared to females who did not engage in
indoor tanning [21]. In studies of younger populations,
which were predominantly composed of females, indoor
tanners were more likely to engage in other risk seeking
behaviors, such as smoking, drinking and recreational
drug use [25,26], and had less healthy lifestyle choices
[26,27] compared with those who had never used tan-
ning beds/booths.
Because both ever indoor tanning and persistent (long
duration indoor tanning) have been associated with skin
cancer risk, in this analysis, we describe the epidemiol-
ogy of ever indoor tanning and persistent indoor tan-
ning and the sociodemographic and lifestyle correlates
of these behaviors among white males and females age
12-40 years in Connecticut, USA. Much of the prior
descriptive research on indoor tanning has been limited
to adolescents, students, or young adults, whereas our
study includes a population with a broader age range.
While one recent study examined a similar population,
the outcome was limited to indoor tanning in the past
year [28]. In contrast, we evaluated indoor tanning
habits over an individual’s life, with detailed information
on frequency, duration, and age at initiation. Obtaining
a better understanding of the prevalence and persistence
of indoor tanning and associated sociodemographic and
lifestyle factors may help to correctly target and tailor
public health interventions to different types of indoor
tanners.
Methods
Yale Study of Skin Health in Young People
Subjects for this analysis were controls from a case-
control study of early-onset BCC, described in detail
elsewhere [29]. This analysis was limited to controls, as
these individuals would be more generalizable to the
general population than our BCC cases. Briefly, the Yale
Study of Skin Health in Young People identified BCC
cases and controls with minor benign skin conditions
diagnosed between July 1, 2006 and September 30, 2010
through the Yale Dermatopathology database. To be
eligible, participants had to: be less than 40 years of age
at the time of skin biopsy, reside in Connecticut, speak
English, and either the participant (or appropriate guar-
dian for those under age 18) had to be capable of com-
pleting all study components. Participants completed a
structured in-person interview and several self-adminis-
tered questionnaires. The study was approved by Yale
University’s Institutional Review Board and study parti-
cipants (or guardians) provided appropriate written
informed consent.
Potential controls were individuals diagnosed with
minor benign skin conditions in the Yale Dermato-
pathology database during the study period. To deter-
mine a list of eligible control conditions for sampling,
two dermatologists reviewed a list of all skin conditions
diagnosed during a one-year period in persons under
age 40 in the Yale Dermatopathology database prior to
recruitment. A variety of diagnoses were determined
ineligible for sampling, including skin cancers/
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T-cell lymphomas, actinic keratoses), potentially UV-
related benign conditions (e.g., solar lentigo, atypical
nevus), erythematous conditions associated with photo-
sensitivity or aggravated byU Ve x p o s u r e( e . g .l u p u s
erythematous, erythema multiforme, rosacea), dermal
conditions treated with UV therapy (e.g., psoriasis), and
pigment disorders (e.g., vitiligo). Randomly sampled
controls were frequency matched to BCC cases on age
at biopsy (5 year age groups), gender, and biopsy site
(head/neck, trunk, extremity).
A total of 458 controls participated in the study, with
a response rate of 60.7% among those able to be directly
contacted. Any individual who self-reported a history of
BCC during the interview was excluded from the con-
trol population. The 458 enrolled controls had a variety
of skin conditions; cyst (16.4%), seborrheic keratosis
(16.2%) and wart (11.4%) were the three most common
and all other diagnoses accounted for < 10% of controls.
Measures
During the structured interview, participants were asked
about their lifetime use of indoor tanning beds/booths,
including regular tanning beds/booths, high speed/high
intensity tanning beds/booths, and high pressure tanning
beds/booths. Participants were provided color photos of
the different types of tanning beds/booths to aid in
reporting. We also queried age at which participants
first tanned indoors, and number of burns from indoor
tanning. Across four specified age periods (ages 11-15,
16-20, 21-30 and 31 or older) frequency of use was also
queried. In addition to a dichotomous ever versus never
indoor tanning variable, a frequency measure of indoor
tanning was calculated: total number of sessions over
the four age periods. We also categorized the female
ever indoor tanners who were 31 years of age or older
into two groups: persistent and non-persistent tanners.
Persistent indoor tanners were defined as females who
tanned indoors at least once in the last three age periods
(excluding the 11-15 age period) or in all four specified
age periods.
In addition to sociodemographic information, several
other characteristics were ascertained during the inter-
view including: outdoor sunbathing sessions during
three time periods (8-15 years old, 16-25 years old, and
26 plus years old), height, weight (age 18 and current),
alcohol consumption (red and white wine, hard liquor/
mixed drinks, and beer over two age periods; total num-
ber of drinks under age 25 and drinks per year ≥ age
25) and tobacco use. Participants were also asked to
report their skin color (very fair, fair, light olive, dark
olive, brown, very dark brown/black), eye color (grey,
blue, green, hazel, brown), skin reaction to strong sun-
light for the first time in summer for one hour without
sunscreen (severe sun burning with blistering, painful
sun burning for a few days followed by peeling, mild
burning followed by some degree of tanning, turning
brown without any sunburn), and skin reaction upon
repeated and prolonged exposure to sunlight (very
brown and deeply tanned, moderately tanned, mildly
tanned due to a tendency to peel, only freckled with no
suntan at all).
Statistical analysis
This analysis is limited to the 401 (87.5%) self-identified
white controls from the total pool of 458 controls.
Three individuals in our analytic sample were under age
18 at the time of interview. To evaluate differences
between ever indoor tanners and never indoor tanners
stratified by gender, we employed the Wilcoxon Rank
Sum test and chi-square test. Among the indoor tan-
n e r s ,w eu s e dt h eW i l c o x o nR a n kS u mt e s tt oc o m p a r e
distributions and the z-test to compare proportions
between males and females. All variables were first
entered into an unadjusted univariate logistic regression
model to predict ever versus never indoor tanning. We
then constructed a multivariate model using a stepwise
procedure; this step was restricted to females given the
limited sample size for males. Univariate and multivari-
ate logistic regression models were also built to evaluate
characteristics associated with persistent indoor tanning
versus non-persistent tanning among female indoor tan-
ners age 31 and older.
For all logistic regression analyses, reported P values
correspond to the likelihood ratio test. For the univari-
ate logistic regression analyses, the likelihood ratio test
compares a model with the variable of interest to the
null model. In the multivariate logistic regression set-
ting, the likelihood ratio test compares the full model to
the full model minus the variable of interest. Variables
with a P value less than 0.1 were retained in the multi-
variate models. All analyses were conducted using R
[30] and reported P values are two-sided.
Results
Among the 281 females in our sample, 73.3% had
tanned indoors at least once, whereas only 38.3% of
the 120 males had ever tanned indoors (Table 1). The
median age of the sample at the time of skin biopsy
was approximately 37 years old. Both male and female
indoor tanners sunbathed outdoors more frequently
than those who had never tanned indoors. We did not
observe any other significant differences between male
indoor tanners and males who had never tanned
indoors. Among females, those who had never tanned
indoors had higher body mass indices (BMIs) than
those who tanned indoors. Female indoor tanners were
also more likely to have darker eye color and skin
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longed sun exposure than females who had never
tanned indoors.
Females started indoor tanning at a younger age than
males (median 17.0 years old versus 21.5 years old, P
value = < 0.001) (Table 2). Females reported signifi-
cantly more indoor tanning sessions than males, with
medians of 73 and 13 sessions, respectively (P value <
0.001). The maximum cumulative number of indoor
tanning sessions was 4,449 among female indoor tanners
and 3,860 sessions in males. We also observed that of
those who tanned indoors, a significantly higher propor-
tion of females compared to males tanned indoors
between the ages of 11-15 and 16-20, but this difference
was not present for the older age periods. Just under
40% of females reported ever being burned while indoor
tanning, as compared to 21.7% of males (P value = <
0.001), yet the median number of burns among those
who had experienced a burn from indoor tanning was
not significantly different by gender (P value = 0.466).
Among the 252 participants who had engaged in indoor
tanning, 97.2% had used a regular indoor tanning bed/
booth at least once, while only 40.5% had reported using
a high speed/high intensity tanning bed/booth at least
once, and 13.9% had ever used a high pressure tanning
bed/booth.
In female participants (n = 281), we identified several
independent correlates of ever indoor tanning (Table 3).
Females who tanned indoors were more likely to be
younger than those who had never tried indoor tanning.
Table 1 Selected characteristics by ever indoor tanning status stratified by gender
Females n = 281 Males n = 120
Never Indoor Never Indoor
Indoor Tanners Tanners Indoor Tanners Tanners
Characteristic n = 206 n = 75 P value
a n=4 6 n=7 4 P value
a
Median (IQR) Median (IQR)
Age at skin biopsy, y 36.8 (33.2-38.4) 37.4 (34.1-39.1) 0.111 36.2 (31.2-38.4) 36.5 (31.3-38.4) 0.848
Sunbathing sessions, n 490 (268-870) 162 (51-386) < 0.001 106 (34-458) 11 (34-458) 0.001
BMI, kg/m
2 22.8 (20.8-26.6) 24.3 (21.5-28.6) 0.053 27.3 (25.2-35) 27.4 (24.8-30.7) 0.955
Pounds gained since age 18, lbs 15 (2-30) 16 (5-36) 0.126 25 (12.8-35) 20 (10-40) 0.672
Alcoholic drinks under age 25, n 416 (0-1664) 104 (0-1141) 0.399 2040 (0-4928) 1410 (107-3631) 0.901
Alcoholic drinks per year age 25+, n 112 (0-214) 77 (0-240) 0.688 197 (0-571) 212 (60.0-502) 0.417
n
b (%) n
b (%)
Eye color, n (%) 0.035 0.705
Brown 90 (43.7) 24 (32.0) 20 (43.5) 28 (37.8)
Hazel 41 (19.9) 14 (18.7) 8 (17.4) 11 (14.9)
Green 17 (8.3) 15 (20.0) 1 (2.2) 5 (6.8)
Blue 58 (28.2) 22 (29.3) 17 (37.0) 30 (40.5)
Skin Color, n (%) 0.042 0.797
Olive 43 (20.9) 14 (18.7) 10 (21.7) 16 (21.6)
Fair 128 (62.1) 38 (50.7) 30 (65.2) 45 (60.8)
Very Fair 35 (17.0) 23 (30.7) 6 (13.0) 13 (17.6)
Skin reaction with first summer sun, n (%) 0.062 0.811
Sunburn 85 (41.3) 41 (54.7) 15 (32.6) 21 (28.4)
Tan 121 (58.7) 34 (45.3) 31 (67.4) 52 (70.3)
Skin reaction with prolonged sun, n (%) 0.024 0.616
Deep Tan 42 (20.4) 6 (8.0) 8 (17.4) 17 (23.0)
No/Mild/Moderate Tan 164 (79.6) 69 (92.0) 38 (82.6) 57 (77.0)
Smoking Status, n (%) 0.214 0.190
Not Current Smoker 172 (83.5) 66 (90.4) 33 (71.7) 61 (82.4)
Current Smoker 34 (16.5) 7 (9.6) 13 (28.3) 12 (16.2)
Education, n (%) 0.372 0.999
Less than Bachelor’s Degree 73(35.4) 21(28.0) 22(47.8) 34(45.9)
Bachelor’s Degree or more 133(64.6) 52(69.3) 24(52.2) 40(54.1)
aWilcoxon Rank Sum Test for continuous and Chi-Square test for categorical variables.
bMay not sum to total due to missing data.
BMI body mass index; IQR interquartile range
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Female Male
Indoor Tanners Indoor Tanners
n = 206 n = 46
Characteristic Median (IQR) or % Median (IQR) or % P value
a
Age first tanned indoors (y) 17.0 (16.0-18.0) 21.5 (19.0-24.5) < 0.001
Indoor tanning sessions (n) 73 (15-240) 13 (3-42) < 0.001
Tanned indoors between ages 11-15 (%) 10.2 0 0.049
Tanned indoors between ages 16-20 (%) 81.1 45.7 < 0.001
Tanned indoors between ages 21-30 (%) 71.8 78.3 0.482
Tanned indoors between ages 31+ (%) 35.9 32.6 0.799
Ever burned from indoor tanning (%) 39.3 21.7 < 0.001
Burns from indoor tanning
b (n) 2 (1-4) 2 (1-3) 0.466
aWilcoxon Rank Sum Test for continuous and 2-sample proportion test for percentages.
bAmong indoor tanners who reported at least one burn.
IQR interquartile range
Table 3 Correlates of ever indoor tanning among females (n = 281)
% Ever
Tanned Univariate P value
a Multivariate P value
b
Characteristic N Indoors OR (95% CI) N OR (95% CI)
Eye color
Brown 114 79 1.00 101 1.00
Hazel 55 75 0.78 (0.37 - 1.66) 51 0.76 (0.31 - 1.83)
Green 32 53 0.30 (0.13 - 0.69) 30 0.18 (0.07 - 0.50)
Blue/grey 80 72 0.70 (0.36 - 1.37) 0.047 74 0.72 (0.33 - 1.57) 0.008
Skin Color
Olive 57 75 1.00
Fair 166 77 1.10 (0.54 - 2.22)
Very fair 58 60 0.50 (0.22 - 1.10) 0.05
Skin reaction with first summer sun exposure
Sunburn 126 67 1.00
Tan 155 78 1.72 (1.01 - 2.92) 0.046
Skin reaction with prolonged sun exposure
Deep tan 48 88 1.00 42 1.00
No/Mild/Moderate Tan 233 70 0.34 (0.14 - 0.84) 0.009 214 0.37 (0.12 - 1.18) 0.07
BMI (kg/m
2) 280 - 0.97 (0.92 - 1.01) 0.117
Pounds Gained since age 18 (per 10 lbs) 278 - 0.81 (0.66 - 0.99) 0.037 256 0.80 (0.63 -1.02) 0.063
Alcoholic drinks under age 25 (per 300 drinks) 275 - 1.01 (0.98 - 1.05) 0.454
Alcoholic drinks/year over age 25 (per 100 drinks) 262 - 1.00 (0.90 - 1.11) 0.988
Smoking Status
Not Current Smoker 238 72 1.00
Current Smoker 41 83 1.86 (0.79 - 4.41) 0.136
Education
Less than Bachelor’s Degree 94 78 1.00
Bachelor’s Degree or more 185 72 0.74 (0.41 - 1.32) 0.296
Sunbathing session ages 8-15 (per 50 sessions) 279 - 1.25 (1.13 - 1.39) < 0.001 256 1.26 (1.11 - 1.42) < 0.001
Sunbathing session ages 16-25 (per 50 sessions) 279 - 1.18 (1.09 - 1.29) < 0.001
Sunbathing session ages 26+ (per 50 sessions) 257 - 1.29 (1.12 - 1.49) < 0.001 256 1.23 (1.05 - 1.44) 0.003
Age at skin biopsy 281 - 0.98 (0.93 - 1.04) 0.549 256 0.90 (0.81 - 0.99) 0.037
aP values are from likelihood ratio tests comparing a model with the variable of interest to the null model.
bP values are from likelihood ratio tests comparing the full model to the full model minus the variable of interest.
BMI body mass index; CI confidence interval; OR odds ratio
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tan indoors than those with brown eyes (OR = 0.18;
95% CI = 0.07-0.50). Outdoor sunbathing during ages 8-
15 and age 26 and over was also significantly positively
associated with ever indoor tanning. There were sugges-
tive associations between indoor tanning and skin reac-
tion to prolonged sun exposure as well as pounds
gained since age 18, but these did not reach statistical
significance. Although skin color, skin reaction to first
summer sun, and sunbathing between ages 16 to 25
were univariately associated with ever indoor tanning,
these did not remain in the multivariate model after
adjustment for other factors.
Among the 170 females age 31 and over who had
tanned indoors at least once, a total of 42 (24.7%) were
defined as persistent indoor tanners. All variables that
were univariately associated with persistent indoor tan-
ning remained significant correlates in the multivariate
model (Table 4). Persistent indoor tanners reported sig-
nificantly more alcohol consumption before age 25 (per
an additional 300 drinks under age 25 OR = 1.05; 95%
CI = 1.01-1.09) than non-persistent tanners, with a med-
ian of 634 total drinks under age 25 versus 274 total
drinks under age 25, respectively. Females with skin that
tanned with prolonged sun exposure were also much
more likely to engage in persistent indoor tanning com-
pared to the occasional indoor tanner. Education level
was inversely associated with persistent indoor tanning,
with females completing at least a bachelor’sd e g r e e
being 70% less likely to persistently indoor tan than
those with less education (OR = 0.29; 95% CI = 0.14,
0.63). In addition, persistent indoor tanning among
Table 4 Correlates of persistent indoor tanning among female indoor tanners age 31 and over (n = 170)
% Persistently
Tanned Univariate Multivariate
Characteristic N Indoors OR (95% CI) P value
a N OR (95% CI) P value
b
Eye color
Brown 71 28 1.00 0.431
Hazel 36 28 0.98 (0.40 - 2.40)
Green 14 29 1.02 (0.29 - 3.63)
Blue/grey 49 16 0.50 (0.20 - 1.25)
Skin color
Olive 33 27 1.00 0.902
Fair 106 24 0.82 (0.34 2.0)
Very fair 31 26 0.93 (0.31 - 2.82)
Skin reaction with first summer sun exposure
Sunburn 76 18 1.00 0.085
Tan 94 30 1.88 (0.91 - 3.90)
Skin reaction with prolonged sun exposure
Deep Tan 35 40 1.00 0.023 35 1.00 0.031
No/Mild/Moderate Tan 135 21 0.39 (0.18 - 0.87) 135 0.39 (0.16 - 0.91)
BMI (kg/m
2) 170 - 1.02 (0.96 - 1.08) 0.535
Pounds Gained since age 18 (per 10 lbs) 170 - 1.14 (0.86 - 1.49) 0.364
Alcoholic drinks under age 25 (per 300 drinks) 170 - 1.05 (1.01 - 1.09) 0.015 170 1.05 (1.01 -1.09) 0.015
Alcoholic drinks/year over age 25 (per 100 drinks) 170 - 1.09 (0.96 - 1.23) 0.156
Smoking Status
Not Current Smoker 144 23 1.00 0.217
Current Smoker 26 35 1.78 (0.73 - 4.37)
Education
Less than Bachelor’s Degree 57 39 1.00 0.003 57 1.00 0.002
Bachelor’s Degree or more 113 18 0.34 (0.17 - 0.70) 113 0.29 (0.14 -0.63)
Sunbathing session ages 8-15 (per 50 sessions) 170 - 1.09 (0.99 - 1.21) 0.087
Sunbathing session ages 16-25 (per 50 sessions) 170 - 1.10 (1.01 - 1.20) 0.033 170 1.10 (1.00 -1.21) 0.044
Sunbathing session ages 26+ (per 50 sessions) 169 - 1.09 (0.99 - 1.20) 0.086
Age at skin biopsy 170 - 0.93 (0.80 - 1.08) 0.344
aP values are from likelihood ratio tests comparing a model with the variable of interest to the null model.
bP values are from likelihood ratio tests comparing the full model to the full model minus the variable of interest.
BMI body mass index; CI confidence interval; OR odds ratio
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outdoor sunbathing sessions between the ages of 16 and
25 (per 50 sessions OR = 1.10; 95% CI = 1.00, 1.21),
with a median number of sunbathing sessions of 360 for
persistent indoor tanners and 240 for non-persistent
indoor tanners during this age period.
Discussion
In this study, we sought to better characterize indivi-
duals under age 40 who engaged in indoor tanning.
Indoor tanning was strikingly common in our popula-
tion, with approximately three-quarters of females and
just over one-third of males having tanned indoors at
least once before age 40. Our finding that females were
more likely than males to use tanning beds is well sup-
ported in the literature [21,24,31]. Our data on indoor
tanning across specific age periods indicated that both
males and females were most likely to have engaged in
this activity under age 30, which is also in line with
existing research [21,24,31].
With unique comprehensive lifetime indoor tanning
data, we found that one quarter of female indoor tan-
ners 31 or older were persistent tanners, as they had
engaged in indoor tanning throughout the queried age
periods. The persistent female indoor tanners tended to
be less educated, drank more alcohol, and sunbathed
outdoors more frequently than other females who only
occasionally tanned indoors. Among these older females,
the correlates of persistent indoor tanning were similar
to findings among college-age and adolescent females
where indoor tanning has been positively associated
with both risk taking [25,26] and unhealthy lifestyle
[26,27] behaviors. Since indoor tanning is less common
in males there is less descriptive research in this popula-
tion, yet a recent study in adolescent males found that
indoor tanning correlated with binge drinking,
unhealthy weight control practices, and steroid use [32].
The clustering of addictive behaviors, such as smoking
and drinking, with indoor tanning may reflect more gen-
eral risk taking behavior, although it may also correlate
with an addictive tendency, since some have posited
that indoor tanning may be a biologic dependency
[33-36]. Additional research on addiction in relation to
indoor tanning is needed because interventions aimed at
those who persistently tan indoors may need to focus
on addiction rather than skin health or cancer preven-
tion messages.
Pigment characteristics such as eye color, skin color,
and skin reaction to UV exposure are commonly used
to identify individuals at higher risk of skin cancer
[4,16,29]. Overall, we found that people with lighter
pigment traits who would be more likely to burn with
UV exposure were less likely to engage in indoor tan-
ning compared to those with darker phenotypes.
Nonetheless, within the most at-risk phenotypes, there
was still a large proportion of participants, especially
females, engaging in indoor tanning. For example,
among the 14 females who said that prolonged sun
exposure would yield no tan and just freckling,
a p p r o x i m a t e l y3 0 %h a dt a n n e di n d o o r sa tl e a s to n c ei n
their lifetime. Similarly, among females who reported
they would experience at least some burning upon one
hour exposure to the summer sun, 68% had tanned
i n d o o r sa tl e a s to n c e .
Strengths of our study include the detailed lifetime
indoor tanning history that enabled us to determine
not only ever versus never use of indoor tanning beds/
booths, but also frequency as well as persistence over
time to evaluate potential differences between different
types of indoor tanners. From the detailed in-person
interview, we also had a wide range of sociodemo-
graphic and lifestyle variables to evaluate as potential
correlates. A limitation to our study is that our partici-
pants were controls with a benign skin biopsy from a
case-control study on BCC. I tc o u l db ea r g u e dt h a t
this group of participants may be more aware of their
skin health or overall health than the general popula-
tion, as they were seen by a dermatologist. It is unclear
what effect, if any, this choice of a study population
could have on the applicability of our findings to the
general population. If our controls were more aware of
their skin health than other persons under age 40 in
Connecticut, the true use of indoor tanning in this age
group could be higher than what we observed. Alterna-
tively, our population might be enriched in persons
focused on their appearance and therefore might be
more likely to use indoor tanning. While our control
group might affect our prevalence estimates, this has
less of an impact on the correlates of tanning. Another
limitation to this study was the self-reported nature of
all of the measures of interest. Our method of data
collection relied on participants’ willingness to give
complete and true answers and also on their ability to
accurately recall behavior at different points in their
lives.
A g eo fi n t e n s eU Ve x p o s u r em a yb ep a r t i c u l a r l y
relevant in relation to skin cancer, as evidence sug-
gests freckling as a child (due to genetic factors and
sun exposure) and sunburns early in life are particu-
larly associated with risk of skin malignancies [2-4]. In
our population, females had a much earlier age of first
use of indoor tanning than males. The incidence of
both melanoma and non-melanoma skin cancer is
increasing [8-12] with a marked increase among young
people, especially females [13-15]. Indoor tanning may
underlie, at least partially, this temporal trend. In
addition, with several recent studies finding positive
dose-response effects for skin cancer with increasing
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exposure in addition to ever versus never use are
important factors to consider for risk. In our own
early-onset BCC case-control study, ever indoor tan-
ning was associated with a two-fold (OR = 2.14 95%
CI = 1.31-3.47) increased risk of BCC compared to
never indoor tanning among all females [18], yet in
females over age 31, the risk associated with persistent
indoor tanning versus never indoor tanning was even
stronger (OR = 2.76, 95% CI = 1.30-5.86) (data not
shown).
While individual-level interventions are one avenue for
reducing use of tanning beds/booths, legislation has also
been enacted to curtail youth utilization of indoor tan-
ning. A telephone survey of indoor tanning facilities in
116 cities in the United States found that businesses in
states with youth access laws to tanning beds were sig-
nificantly more likely to state they would require written
permission from a parent for a minor to use the facility
[37]. However, not all research supports policy level
changes as a sole means to curtail youth access. A sur-
vey of adolescents in the 100 most populous cities in
the United States did not find an association between
indoor tanning and residing in a state with youth access
laws [38], and studies which employed face-to-face
interactions between an indoor tanning facility and a
potential youth client found a lack of compliance with
parental consent policies [39,40].
Conclusions
Growing evidence of an increased risk of skin cancer
associated with indoor tanning (both ever and persistent)
suggests that targeted interventions could have a substan-
tial impact on primary prevention of these all-too-com-
mon and potentially lethal malignancies. In addition,
given the young age at initiation, high prevalence of use,
and other correlated risk-taking behaviors (outdoor
sunbathing, alcohol), young females who tan indoors are
an ideal group to target with not only indoor tanning
reduction/cessation interventions, but also other health
promotion messages, including those related to outdoor
UV protection and alcohol consumption.
Abbreviations
BCC: basal cell carcinoma; BMI: body mass index; CI: confidence interval; IQR:
interquartile range; OR: odds ratio; UV: ultraviolet.
Acknowledgements
This work was supported by the Yale SPORE in Skin Cancer funded by the
National Cancer Institute grant number 1P50 CA121974 (R. Halaban, PI). LMF
was supported by National Cancer Institute grant 1 F32 CA144335. AMM
and KL were supported by CTSA Grant UL1 RR024139 from the National
Center for Research Resources. The sponsors had no role in the design and
conduct of the study; in the collection, analysis, and interpretation of data;
or in the preparation, review, or approval of the manuscript. We would like
to acknowledge the following individuals for their overall support and
assistance with the coordination of this project: Dr. Jennifer McNiff, Robert
Criscuolo, and James Platt from Yale Dermatopathology; Dr. Valencia Thomas
from Yale Dermatology (now at University of Texas Medical School at
Houston); Patricia B. Gordon from Yale School of Medicine; and James
McCusker from the Biostatistics/Bioinformatics Core of the Yale SPORE. We
would also like to recognize and thank our interviewers, Carol Gordon and
Lisa Lyon, for their dedication and skill in recruiting and interviewing the
study participants. Finally, we are indebted to the individuals who
participated in this study.
Author details
1Yale School of Public Health, 60 College Street, New Haven CT 06520, USA.
2Yale Cancer Center, 333 Cedar Street, New Haven CT 06520, USA.
3Yale
University School of Medicine, 333 Cedar Street, New Haven CT 06520, USA.
Authors’ contributions
KL conducted the statistical analyses and LMF led the writing; both
interpreted the analyses. AMM supervised the analyses. STM, AEB, DL, and
BC conceived of, obtained funding for, and oversaw the Yale Study of Skin
Health. All authors assisted in interpreting the results, critically edited the
manuscript, and contributed substantially to the final version. All authors
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 21 December 2011 Accepted: 10 February 2012
Published: 10 February 2012
References
1. El Ghissassi F, Baan R, Straif K, Grosse Y, Secretan B, Bouvard V, Benbrahim-
Tallaa L, Guha N, Freeman C, Galichet L, Cogliano V: A review of human
carcinogens–part D: radiation. Lancet Oncol 2009, 10:751-752.
2. Dessinioti C, Antoniou C, Katsambas A, Stratigos AJ: Basal cell carcinoma:
what’s new under the sun. Photochem Photobiol 2010, 86:481-491.
3. Armstrong BK, Kricker A: The epidemiology of UV induced skin cancer. J
Photochem Photobiol B 2001, 63:8-18.
4. Madan V, Lear JT, Szeimies RM: Non-melanoma skin cancer. Lancet 2010,
375:673-685.
5. Narayanan DL, Saladi RN, Fox JL: Ultraviolet radiation and skin cancer. Int
J Dermatol 2010, 49:978-986.
6. Levine JA, Sorace M, Spencer J, Siegel DM: The indoor UV tanning
industry: a review of skin cancer risk, health benefit claims, and
regulation. J Am Acad Dermatol 2005, 53:1038-1044.
7. International Agency for Research on Cancer Working Group on artificial
ultraviolet (UV) light and skin cancer: The association of use of sunbeds
with cutaneous malignant melanoma and other skin cancers: a
systematic review. Int J Cancer 2007, 120:1116-1122.
8. Levi F, Te VC, Randimbison L, Erler G, La Vecchia C: Trends in skin cancer
incidence in Vaud: an update, 1976-1998. Eur J Cancer Prev 2001,
10:371-373.
9. Karagas MR, Greenberg ER, Spencer SK, Stukel TA, Mott LA: Increase in
incidence rates of basal cell and squamous cell skin cancer in New
Hampshire, USA. New Hampshire Skin Cancer Study Group. Int J Cancer
1999, 81:555-559.
10. Hughes JR, Higgins EM, Smith J, Du Vivier AW: Increase in non-melanoma
skin cancer-the King’s College Hospital experience (1970-92). Clin Exp
Dermatol 1995, 20:304-307.
11. Hery C, Tryggvadottir L, Sigurdsson T, Olafsdottir E, Sigurgeirsson B,
Jonasson JG, Olafsson JH, Boniol M, Byrnes GB, Dore JF, Autier P: A
melanoma epidemic in Iceland: possible influence of sunbed use. Am J
Epidemiol 2010, 172:762-767.
12. Holterhues C, Vries E, Louwman MW, Koljenovic S, Nijsten T: Incidence and
trends of cutaneous malignancies in the Netherlands, 1989-2005. J Invest
Dermatol 2010, 130:1807-1812.
13. Christenson LJ, Borrowman TA, Vachon CM, Tollefson MM, Otley CC,
Weaver AL, Roenigk RK: Incidence of basal cell and squamous cell
carcinomas in a population younger than 40 years. JAMA 2005,
294:681-690.
Lostritto et al. BMC Public Health 2012, 12:118
http://www.biomedcentral.com/1471-2458/12/118
Page 8 of 914. Bradford PT, Anderson WF, Purdue MP, Goldstein AM, Tucker MA: Rising
melanoma incidence rates of the trunk among younger women in the
United States. Cancer Epidemiol Biomarkers Prev 2010, 19:2401-2406.
15. Hausauer AK, Swetter SM, Cockburn MG, Clarke CA: Increases in melanoma
among adolescent girls and young women in california: trends by
socioeconomic status and UV radiation exposure. Arch Dermatol 2011,
147:783-9.
16. Schulman JM, Fisher DE: Indoor ultraviolet tanning and skin cancer:
health risks and opportunities. Curr Opin Oncol 2009, 21:144-149.
17. Bakos RM, Kriz M, Muhlstadt M, Kunte C, Ruzicka T, Berking C: Risk factors
for early-onset basal cell carcinoma in a German institution. Eur J
Dermatol 2011, 21:705-709.
18. Ferrucci LM, Cartmel B, Molinaro AM, Gordon PB, Leffell DJ, Bale AE,
Mayne ST: Indoor tanning and risk of early-onset basal cell carcinoma. J
Am Acad Dermatol 2011, Dec 8, [Epub ahead of print].
19. Lazovich D, Vogel RI, Berwick M, Weinstock MA, Anderson KE, Warshaw EM:
Indoor tanning and risk of melanoma: a case-control study in a highly
exposed population. Cancer Epidemiol Biomarkers Prev 2010, 19:1557-1568.
20. Cust AE, Armstrong BK, Goumas C, Jenkins MA, Schmid H, Hopper JL,
Kefford RF, Giles GG, Aitken JF, Mann GJ: Sunbed use during adolescence
and early adulthood is associated with increased risk of early-onset
melanoma. Int J Cancer 2011, 128:2425-2435.
21. Coups E, Phillips L: A more systematic review of correlates of indoor
tanning. J Eur Acad Dermatol Venereol 2011, 25:610-616.
22. Tangpricha V, Turner A, Spina C, Decastro S, Chen TC, Holick MF: Tanning is
associated with optimal vitamin D status (serum 25-hydroxyvitamin D
concentration) and higher bone mineral density. Am J Clin Nutr 2004,
80:1645-1649.
23. Hoerster KD, Garrow RL, Mayer JA, Clapp EJ, Weeks JR, Woodruff SI, Sallis JF,
Slymen DJ, Patel MR, Sybert SA: Density of indoor tanning facilities in 116
large U.S. cities. Am J Prev Med 2009, 36:243-246.
24. Schneider S, Kramer H: Who uses sunbeds? A systematic literature review
of risk groups in developed countries. J Eur Acad Dermatol Venereol 2009,
24:639-648.
25. Bagdasarov Z, Banerjee S, Greene K, Campo S: Indoor tanning and
problem behavior. J Am Coll Health 2008, 56:555-561.
26. O’Riordan DL, Field AE, Geller AC, Brooks DR, Aweh G, Colditz GA,
Frazier AL: Frequent tanning bed use, weight concerns, and other health
risk behaviors in adolescent females (United States). Cancer Causes
Control 2006, 17:679-686.
27. Demko CA, Borawski EA, Debanne SM, Cooper KD, Stange KC: Use of
indoor tanning facilities by white adolescents in the United States. Arch
Pediatr Adolesc Med 2003, 157:854-860.
28. Heckman CJ, Coups EJ, Manne SL: Prevalence and correlates of indoor
tanning among US adults. J Am Acad Dermatol 2008, 58:769-780.
29. Ferrucci LM, Cartmel B, Molinaro AM, Gordon PB, Leffell DJ, Bale AE,
Mayne ST: Host phenotype characteristics and MC1R in relation to early-
onset basal cell carcinoma. J Invest Dermatol 2011, Dec 8, [Epub ahead of
print].
30. R Development Core Team: R: A Language and environment for statistical
computing Vienna: R Foundation for Statistical Computing; 2011.
31. Buller DB, Cokkinides V, Hall HI, Hartman AM, Saraiya M, Miller E, Paddock L,
Glanz K: Prevalence of sunburn, sun protection, and indoor tanning
behaviors among Americans: review from national surveys and case
studies of 3 states. J Am Acad Dermatol 2011, 65:S114-123.
32. Miyamoto J, Berkowitz Z, Jones SE, Saraiya M: Indoor Tanning Device Use
Among Male High School Students in the United States. J Adolescent
Health 2011.
33. Warthan MM, Uchida T, Wagner RF Jr: UV light tanning as a type of
substance-related disorder. Arch Dermatol 2005, 141:963-966.
34. Nolan BV, Feldman SR: Ultraviolet tanning addiction. Dermatol Clin 2009,
27:109-112, V.
35. Nolan BV, Taylor SL, Liguori A, Feldman SR: Tanning as an addictive
behavior: a literature review. Photodermatol Photoimmunol Photomed
2009, 25:12-19.
36. Heckman CJ, Egleston BL, Wilson DB, Ingersoll KS: A preliminary
investigation of the predictors of tanning dependence. Am J Health
Behav 2008, 32:451-464.
37. Pichon LC, Mayer JA, Hoerster KD, Woodruff SI, Slymen DJ, Belch GE,
Clapp EJ, Hurd AL, Forster JL, Weinstock MA: Youth access to artificial UV
radiation exposure: practices of 3647 US indoor tanning facilities. Arch
Dermatol 2009, 145:997-1002.
38. Mayer JA, Woodruff SI, Slymen DJ, Sallis JF, Forster JL, Clapp EJ,
Hoerster KD, Pichon LC, Weeks JR, Belch GE, et al: Adolescents’ use of
indoor tanning: a large-scale evaluation of psychosocial, environmental,
and policy-level correlates. Am J Public Health 2011, 101:930-938.
39. Dobbinson S, Wakefield M, Sambell N: Access to commercial indoor
tanning facilities by adults with highly sensitive skin and by under-age
youth: compliance tests at solarium centres in Melbourne, Australia. Eur
J Cancer Prev 2006, 15:424-430.
40. Forster JL, Lazovich D, Hickle A, Sorensen G, Demierre MF: Compliance
with restrictions on sale of indoor tanning sessions to youth in
Minnesota and Massachusetts. J Am Acad Dermatol 2006, 55:962-967.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/12/118/prepub
doi:10.1186/1471-2458-12-118
Cite this article as: Lostritto et al.: Lifetime history of indoor tanning in
young people: a retrospective assessment of initiation, persistence, and
correlates. BMC Public Health 2012 12:118.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Lostritto et al. BMC Public Health 2012, 12:118
http://www.biomedcentral.com/1471-2458/12/118
Page 9 of 9